A series of solid solutions La 0.75−x Gd x Ca 0.25 MnO 3−δ with 0.0 ≤ x ≤ 0.75 was prepared via carbonate precursor precipitation method. Final sintering was performed at 1250
Introduction
Mixed-valence manganites RE/La 1−x Ca x MnO 3 with a perovskite structure exhibit a rich phase diagram and the strong interplay between structure, magnetic, (583) and transport properties [1] [2] [3] [4] . The substitution of La atoms by the smaller Gd ones retains the doping level while it distorts the lattice varying the Mn-O-Mn bonding angle. The present paper is aimed at an investigation of the gadolinium substituted manganites La 0.75−x Gd x Ca 0.25 MnO 3 by the X-ray absorption spectroscopy methods.
Experimental
A series of manganites La 0.75−x Gd x Ca 0.25 MnO 3−δ (x = 0, 0.25, 0.50, 0.75) was prepared via carbonates precursor method using ammonium carbonate, (NH 4 ) 2 CO 3 , as the precipitator [2] [3] [4] [5] . Carbonate precipitates were converted to La 0.75−x Gd x Ca 0.25 MnO 3−δ solid solutions by slowly heating in the air atmosphere up to 810
• C with the subsequent annealing at this temperature for several hours. Then the powders were grinded in an agate mortar and annealed at 900
• C for 24 hours. Finally, they were grinded again, pressed into pellets and annealed at 1250
• C for 48 h in a flowing oxygen atmosphere. The samples obtained were characterized by X-ray diffraction (XRD) analysis using a SCITAG (X1) diffractometer with Cu K α radiation. The diffraction intensity was measured from 10 to 120
• with a step of 0.02
• and a counting time of 10 s per step. The crystal structure was refined by Rietveld method using GSAS (general structure analysis system) program package.
The oxygen content of the La 0.75−x RE x Ca 0.25 MnO 3−δ samples was determined by the iodometric titration assuming that the samples have initial cation stoichiometry.
Synchrotron radiation based experiments were performed in National Synchrotron Radiation Centre (NSRRC) in Taiwan. The electron storage ring was operated at an energy of 1.5 GeV with a beam current of 100-200 mA. The Mn K-edge X-ray absorption near edge structure (XANES) spectra were performed at the BL17C Wiggler beamline. A Si(111) double-crystal monochromator was used for energy selection with a resolution (∆E/E) of about 2 × 10 −4 . The XANES spectra at the Mn K-edge were recorded at room temperature in transmission mode using gas-filled ionization chambers to measure the intensities of the incident (I 0 ), transmitted (I t ), and reference (I ref ) signals. A 7 µm thick iron foil was used as a reference. Both Fe foil and I ref detector were positioned downstream the sample along the X-ray beam direction. The data from 3 scans were averaged, and the background was subtracted. The XANES spectra were normalised with respect to the edge jump step.
The Mn L-edge XANES measurements were performed on the BL20A high--energy spherical grating monochromator (HSGM) beamline in electron-yield mode. Simultaneously to electron-yield, the incident photon flux was monitored by a Ni mesh located after the exit slit of the monochromator. The photon energies were calibrated with an accuracy of 0.1 eV using the known O K-edge absorption peaks of a CuO compound. The X-ray fluorescence-yield absorption spectra were normalized to I 0 .
Structural characterization
All samples studied by powder X-ray diffraction method are single phase. Their XRD patterns were indexed in orthorhombic space group P bnm. GSAS program was used for Rietveld refinement of the structural parameters. The results of this refinement are summarized in Table. Figure 1 shows a typical XRD diffraction pattern of the system studied together with the results of the fitting. Crystal lattice parameters a and c as well as unit cell volume decrease with increasing gadolinium content that is caused by the difference in ionic radii of lanthanum and gadolinium. The value of Mn-O-Mn angle, which is considered to affect the degree of manganese and oxygen orbitals, decreases too with an x increase. Figure  2 shows microphotographs of the synthesized La 0.75−x Gd x Ca 0.25 MnO 3 solid solutions with x = 0 and 0.50. The average particle size estimated by scanning electron microscope (SEM) is less than 1 µm. It demonstrates a small increase with x as it is seen in Fig. 2 . This growth could be explained by a decrease in melting temperature of the solid solutions with Gd concentration increase. In this case the grain growth rate should by higher for the compositions with a higher gadolinium content. According to the results of iodometric titration the systematic decrease in total oxygen content was observed, which is illustrated in Fig. 3 . Subsequently, also the average manganese oxidation state decreases with Gd concentration increase.
XANES results
The Mn L-edge XANES of La 0.75−x Gd x Ca 0.25 MnO 3 solid solutions and standards measured in electron-yield mode are shown in Fig. 4 . The shift of Mn L 3 Mn L 2 peak position to high energies with Gd content increase indicates a decrease of Mn oxidation state in the solid solutions. This observation is in good agreement with the results of iodometric titration which lead to the similar conclusions ( Fig. 3) . In Fig. 5 the evolution with x XANES Mn K-edge spectra are shown. Pre-edge feature A is ascribed to 1s−3d transition. The amplitude of this peak usually is associated with increasing hole concentration in 3d transition-metals orbitals. Enhancement of this feature with an x increase is evident from Fig. 6 where pre-edge region is shown in an enlarge scale together with difference spectra.
Surprisingly, unlike to XANES Mn L-edge spectra, peak positions in Mn K-edge spectra do not change significantly with x variations in La 0.75−x Gd x Ca 0.25 MnO 3 solid solutions. Mn L-edge XANES were measured in electron-yield mode while K-edge XANES measurements were carried out in trans-mission mode. The latter technique gives information only about the thin surface layer of ∼ 50Å while the former one characterizes bulk properties of the material. Thus, the difference between trends observed by Mn L-and K-edges XANES spectra can be caused by inhomogeneous distribution of oxygen vacancies through the depth in La 0.75−x Gd x Ca 0.25 MnO 3 particles. Therefore, the oxygen vacancies have a higher concentration on the surface of the particles.
The Fourier transforms of the EXAFS Mn K-edge experimental signal of La 0.75−x Gd x Ca 0.25 MnO 3 solid solutions allow distinguishing four coordination shells of Mn atoms. The first octahedral coordination shell (Mn-O) is only weakly affected by the Gd substitution as the first peak shifts less than 0.05Å. A location of the second peak shifts to lower R values by about 0.2Å and proves that the second coordination shell (Mn-Gd/La/Ca) shrinks gradually with raising Gd content [6, 7] .
Conclusions
The substitution of La atoms by the Gd ones varies the local coordination shells of Mn ions and causes an increase in oxygen deficiency and average manganese oxidation in La 0.75−x Gd x Ca 0.25 MnO 3 systems. These results are consistent with Mn L-edge XANES spectra, where a gradual change of Mn oxidation state with Gd concentration increase is detected. The origin of oxygen deficiency La 0.75−x Gd x Ca 0.25 MnO 3 is related to structural disorder caused by Gd substitution for La. An influence of Gd doping on magnetic and transport properties of this family of manganites is reported separately [8] .
